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Abstract 

Background: Tliere lias been no effective treatment or agent that is available for corneal injury in promoting 
corneal wound healing. Previous studies on edible bird's nest extract (EBN) had reported the presence of hormone- 
like substance; avian epidermal growth factor that could stimulate cell division and enhance regeneration. This 
study aimed to investigate the effects of EBN on corneal keratocytes proliferative capacity and phenotypical 
changes. 

Methods: Corneal keratocytes from six New Zealand White Rabbits were isolated and cultured until Passage 1. The 
proliferative effects of EBN on corneal keratocytes were determined by MTT assay in serum-containing medium 
(EDS) and serum-free medium (ED). Keratocytes phenotypical changes were morphologically assessed and gene 
expression of aldehyde dehydrogenase (ALDH), collagen type 1 and lumican were determined through RT-PCR. 

Results: The highest cell proliferation was observed when both media were supplemented with 0.05% and 0.1% 
EBN. Cell proliferation was also consistently higher in EDS compared to ED. Both phase contrast micrographs and 
gene expression analysis confirmed the corneal keratocytes retained their phenotypes with the addition of EBN. 

Conclusions: These results suggested that low concentration of EBN could synergistically induce cell proliferation, 
especially in serum-containing medium. This could be a novel breakthrough as both cell proliferation and 
functional maintenance are important during corneal wound healing. The in vitro test is considered as a crucial 
first step for nutri-pharmaceutical formation of EBN-based eye drops before in vivo application. 



Background 

The cornea comprises of three distinct layers: the epithe- 
lium, the stroma and the endothelium. Each layer provides 
specific properties which are crucial to the optimal func- 
tionality of the cornea in normal vision while acting as a 
protective barrier from external environment [1]. The cor- 
neal stroma makes up 90% of the corneal volume and is 
filled with keratocytes bound by extracellular matrix 
which forms the structural backbone of the cornea [2,3]. 
Keratocytes are mesenchymal-derived cells of the corneal 
stroma responsible for the synthesis and maintenance of 
the extracellular matrix (ECM) components [4], Normal, 
quiescent keratocytes residue between collagen lamellae of 
the corneal stroma as a sparse population of flattened-cells 
[5], connecting to one other through a network of 
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extensive processes [6]. The keratocytes have low cell 
turnover with undetectable cell remodelling overtime 
[5,7,8]. These homeostatic characteristics are important 
for corneal transparency. During deep injuries in which 
the epithelial basement membrane is disrupted, these ker- 
atocytes will change their morphological characteristics 
into 'activated' phenotype which resembles the fibroblasts: 
fusiform-shaped with multiple nucleoli and lack of cyto- 
plasmic granules [9]. The activation of fibroblasts from 
quiescent keratocytes is also observed in cell culture mod- 
els which show similar phenotypical changes of kerato- 
cytes during wounding. This was done by adding serum 
into the culture medium and by further passaging these 
cells, which were initially maintained in a serum-free con- 
dition [3,7]. 

The cornea can be damaged either by limited injury 
such as abrasions and localized burns or by extensive 
injury in terms of surface or depth [10]. Following stro- 
mal injury, keratocytes are stimulated to either undergo 

Ltd. This is an Open Access article distributed under the terms of the Creative Commons 
3.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in 
properly cited. 



Zainal Abidin et al. BMC Complementary and Alternative Medicine 201 1, 1 1:94 
http://www.biomedcentral.eom/1 472-6882/1 1 /94 



Page 2 of 1 0 



apoptosis or to lose their quiescence and change into 
activated fibroblasts [11]. The remaining keratocytes then 
begin to replenish through cell proliferation, followed by 
cell migration to cover the wounded area [12]. The pro- 
cess of remodelling and tissue repair involves laying 
down of collagens, proteoglycans and other substances in 
the wounded area [13]. Unfortunately, topical agents 
available in the market for treating corneal wounds and 
ulcers inhibit the healing process because of the presence 
of preservatives such as benzalkonium chloride (BAK) 
and polyquartenium-1. These preservatives were used to 
prevent bacterial contamination and were usually found 
in multidose preparations [14]. A study by Collin (1986) 
revealed that BAK should not be used on corneas with 
abnormal epithelium as it could cause extensive damage 
involving the mitochondria, other organelles and the 
outer cell membrane of the corneal stromal cells [15]. 

The EBN which was derived from swiftlet's saliva has 
been a renowned heritage delicacy for many generations 
since the early Chinese dynasties. Although it has a long 
history as therapeutic herbal medicine and highly- 
acclaimed for its beauty-rejuvenating applications, very 
limited research has been done to scientifically prove its 
medicinal properties. Ancient Chinese literatures described 
EBN as a precious food because of its unique medicinal 
property in treating tuberculosis, gastric ulcers and bleed- 
ing in the lungs. Greater discoveries on EBN were eluci- 
dated by modern science among which was the discovery 
of the first known avian epidermal growth factor found in 
purified swiftlet nest extracts [16,17]. EBN was found to 
have mitogenic effects on human peripheral blood mono- 
cytes following stimulation with Concanavalin A and Phy- 
tohemagglutinin A [18]. Using EBN and a formulation 
containing pearl powder, it was shown there was an eleva- 
tion of DNA synthesis of the T-lymphocytes and circulat- 
ing immunoglobulin M level in mice, implying the 
immunoenhancing effects [19]. Guo et al. in 2006 had 
found out that EBN was able to prevent influenza viruses 
in vitro via its sialic acid component [20]. Most recently, a 
study on the effect of EBN on intestinal cells using Caco-2 
cell line showed the highest proliferation in commercial 
EBN compared to the unprocessed EBN obtained from 
four different zones of Peninsular Malaysia. These findings 
suggested the presence of growth stimulating components 
in the commercial EBN which could either be naturally 
present or because of adulteration [21]. 

Presently, no study has been done to evaluate the 
potential value of EBN in promoting corneal cell growth 
and proliferation that are essential during wound healing. 
If the EBN can be proven to potentiate cell proliferation, 
particularly in corneal keratocytes, it will be a major 
breakthrough in finding another scientific value behind 
this natural product. Our ultimate aim is to commercia- 
lize the EBN-based eye drop as an excellent medical 



treatment derived from natural sources which could 
boost the nutri-pharmaceutical industry. Thus, our objec- 
tive was to identify the ideal dosage of EBN extract for 
corneal keratocytes using the MTT method as our refer- 
ence for future studies in in vitro corneal wound healing 
model. At the same time, we tried to prove the EBN did 
not alter the characteristics of the corneal keratocytes 
during cell proliferation. 

Methods 

EBN Preparation 

EBN extract coded as EHMG was obtained from Institute 
of Bioproduct Development, Universiti Teknologi Malaysia 
(UTM). This extract was prepared under a nondisclosure 
procedure using an in-house developed method adapted 
from Oda et al. 1998 [22]. Briefly, the EBN was ground to 
dust using mortar, pestled and sieved through a 0.4 mm 
wire mesh to separate the feathers and other impurities. 
The ground EBN then underwent an aqueous extraction 
process at a high temperature of 80°C before centrifuga- 
tion and was then stored at 4°C until used. 

Cell Culture 

This study was approved by the Universiti Kebangsaan 
Malaysia Animal Ethics Committee (project code: 
UKMAEC Approval Number PP/ANAT/2010/NOR- 
ZANA/24-AUGUST/321-AUGUST-2010-AUGUST- 
2011). The corneal tissues were harvested from six New 
Zealand white rabbits' eyes from the local animal slaugh- 
terhouse and were processed using the techniques 
reported by Norzana et al. (2007) [23]. 

The stromal tissues were obtained from the corneal tis- 
sues after the removal of the loosened epithelial sheets. 
They were washed thoroughly with phosphate buffered 
solution (PBS, pH 7.2, Gibco Invitrogen, USA) and each 
stromal tissue was cut into half. Each piece was digested 
with 0.3% coUagenase type I, incubated at 37°C with 
intermittent gentle shaking until all the stromal tissues 
were digested. The stromal cell suspension was centri- 
fuged at 500 x g for 10 minutes; the resultant pellet was 
washed with phosphate buffered solution (PBS, pH 7.2, 
Gibco Invitrogen, USA) to remove any residual enzyme 
and resuspended in the PBS for total ceU quantification 
with haemacytometer (Weber Scientific Int, Ltd. Middlx, 
England). Cell viability was determined by trypan blue 
dye (Gibco Invitrogen, USA) exclusion test. Viable stro- 
mal cells were seeded in six well-plates (BD Falcon, 
Franklin Lakes, NJ) with seeding density of 5 x 10^ cell/ 
cm^ in FD medium [F12: DMEM (Dulbecco Modified 
Eagle's Medium)]. All cultures were maintained in 5% 
CO2 incubator (Jouan, Duguay Trouin, SH) at 37°C 
under 95% humidity and the media were changed every 
three days. Once confluent, the primary culture (PO) was 
trypsinized using 0.05% trypsin-EDTA and counted for 
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total cell number and viability. The culture was then 
passaged (PI), under the same condition as the primary 
culture. The morphological features were examined at 
day 1 using inverted phase contrast microscope (Carl 
Zeiss, Germany). 

Cell Viability and Proliferation Assay 

The 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium 
bromide (MTT) assay was used to assess the effects of 
EHMG-coded EBN on corneal keratocytes' proliferative 
capacity and viability. The cells were seeded overnight in 
96-well cell culture plate (Cellstar, Greiner Bio-one, 
Germany) with the seeding density of 5 x 10^ cells cm'^. 
Several concentrations of EHMG-coded EBN using dilu- 
tion factor of 2 were added in the following day using 2 
different media, serum-containing media (EDS) and 
serum-free media (ED). The cells were incubated at 37°C 
in a humidified incubator 5% CO2 atmosphere for 
72 hours until confluence. 

Then, each well (including controls) was added with 
10 \il MTT solution, mixed and incubated at 37°C in a 
humidified incubator 5% CO2 atmosphere for another 
4 hours. EoUowing incubation, 200 [A Dimethylsulfoxide 
(DMSO) was added to each well to dissolve the purple for- 
mazan and the absorbance was measured at 570 nm. The 
total viable cell number was directly proportional to the 
level of absorbance produced by the purple formazan pre- 
cipitate. EBN concentration which provided the highest 
cell proliferation was used for functional evaluation on 
keratocytes by mRNA expression assessment. 

Total RNA Extraction and Gene Expression Analyses 

Total RNA from cultured keratocytes in A) Serum-con- 
taining medium, EDS, B) EDS plus 0.05% EBN, C) Serum- 
free medium, ED and D) ED plus 0.05% EBN were isolated 
using TRI Reagent (Molecular Research Center, Cincin- 
nati, USA) according to a previously published protocol. 
Polyacryl carrier (Molecular Research Center) was added 
to each extraction to precipitate the total RNA and the 
extracted RNA pellet was then washed with 75% ethanol 
and dried before dissolving it in Rnase and Dnase free dis- 
tilled water (Invitrogen, Carlsbad, USA). The RNA was 
quantified and the purity was determined by Nanodrop 
ND-100 spectrophotometer (Wflmington DE, USA) and 
stored at -80°C before use. Complementary DNA was 
synthesised from 100 ng of Total RNA with Superscript 
III reverse transcriptase (Invitrogen) according to the pro- 
tocol recommended by the manufacturer. In brief, the pro- 
tocol conditions were 10 minutes at 23°C for primer 
annealing, 60 minutes at 50°C for reverse transcription 
and 5 minutes at 85°C for reaction termination. 

The expression of collagen type 1, aldehyde dehydro- 
genase (ALDH) and lumican were evaluated by two-step 
reverse transcriptase-polymerase chain reaction 



(Invitrogen, Carlsbad, USA). Expression of glycerylalde- 
hyde-3-phosphate dehydrogenase (GAPDH) gene was 
used as internal control to ensure specificity of reaction. 
The primers (sense and antisense) used in the reaction 
were designed from NIH Genbank database as shown in 
Table 1. The two-step RT-PCR reaction was performed 
using SYBR Green as the indicator in a Bio-Rad iCycler 
(Bio-Rad, USA). Each reaction mixture consisted of iQ 
SYBR Supermix, forward and reverse primers (5 \iM 
each), deionised water and 1 [i\ of cDNA template. The 
reaction conditions were cycle 1: 94°C for 3 minutes 
(1 x), cycle 2: Step 1 94°C for 10-second and Step 2 
60°C for 30-second (40 x), followed by melting curve 
analysis [24]. The PCR product size was further con- 
firmed with 2% agarose gel (Invitrogen) electrophoresis. 

Statistical Analysis 

AU the data were tested for statistical significance using 
Statistical package for Social Sciences (SPSS) version 18. 
Values were expressed as mean ± standard error of mean 
(SEM) and were analyzed using Student's t-test and One- 
way Analysis of Variance (ANOVA). A p value of less 
than 0.05 was considered significant. 

Results 

Cell Viability and Proliferative Assay 

The corneal keratocytes cultured in EDS showed higher 
proliferative potential at 0.05% EBN (p = 0.003) and 0.1% 
EBN (p = 0.03) [Eigure lA] compared to the EDS alone. 
Subsequent concentrations of EBN from 0.2% to 50% 
EBN showed a decreasing pattern in cell proliferation, 
but these changes were not significant when compared to 
the control. However, the decrease in cell proliferation 
was significantly noted at 75% EBN (p = 0.02) and 100% 
EBN (p = 0.01). This suggested nutrient depreciation 
from the medium (replacement of medium volume more 
than 50%) by EBN that leads to a marked reduction in 
corneal keratocytes proliferation. 

On the other hand, corneal keratocytes cultured in ED 
exhibited the highest proliferative activity when supple- 
mented with 0.05% EBN, followed by 0.1% EBN and 0.2% 
EBN [Eigure IB], but these results were not significant 
(p > 0.05) when compared to ED alone. Similar cessation 
in proliferative capacity of corneal keratocytes was found 
when tested with a range of EBN concentrations from 
0.4% EBN to 100% EBN. However, the values were not sig- 
nificant when compared to the control (p > 0.05). 

One important aspect which could also cause higher cell 
proliferative activity was because of the presence of serum. 
Corneal keratocytes cultured in EDS showed higher cell 
proliferative activity compared to ED, with or without the 
additional EBN [Eigure IC]. The differences were signifi- 
cant among cells cultured in EDS and ED only (p = 0.001), 
and in media with 0.05% EBN (p = 0.011). There was 
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Table 1 Description of primers used in RT-PCR for gene expression analyses 



Gene 


Accession no: 


Primers 5'^ 3' 


PCR product (bp) 


GAPDH 


NM_001 082253.1 


F: caa cga att tgg eta cag ca 
R: aaa ctg tga aga ggg gca ga 


186 


Collagen Type 1 


AY633663 


F: gcg gag agt act gga ttg acc 
R: cac acg tgc ttc ttc tec ttg 


163 


ALDH 


AY503694 


F: gag tgg cat gat tea gtg age 
R: gag tag teg tee eet ett gga 


186 


Lumican 


AF020292 


F: ctg eag ett aee eae aae aag 
R: ggt tga age tea agt eea ggt 


160 



possibility of mitogenic effect of EBN to corneal kerato- 
cytes at this stage, thus promoting higher cell growth. 
Although the cells cultured with EBN in FDS continuously 
gave better proliferation compared to those cultured in 
FD, these differences were only significant between 0.8% 
to 4% and 25% to 50% EBN (p < 0.05). 

Phase contrast micrographs 

Microscopic examination of cell morphology on corneal 
keratocytes showed higher mitotic figures in serum-con- 
taining media (Figure 2A &:2B) as compared to serum- 
free media (Figure 2C &2D). This was most apparent in 
cells cultured in FDS + 0.05% EBN medium (Figure 2B). 
The corneal keratocytes exhibited typical fibroblast-like 
feature with fusiform shape in all media, particularly 
seen in serum-containing media. Similar morphology 
was observed in corneal keratocytes cultured in serum- 
free medium (Figure 2C &2D), but with fewer corneal 
keratocytes. More importantly, corneal keratocytes did 
not show any abnormal morphological changes when 
cultured in the EBN-containing media. 

Gene Expression Analysis 

The real time PCR data showed a higher expression level 
in the serum-containing groups (with or without supple- 
mentation of EBN) compared to serum-free groups (with 
or without supplementation of EBN). This was probably 
because of the presence of serum which contains multi- 
ple growth factors to promote cells' proliferation and 
total RNA expression. In this study, the cultured corneal 
keratocytes were supplemented with 0.05% EBN concen- 
tration, since it was the optimal concentration for cell 
proliferation derived from the MTT assay. In collagen 
type 1, the expression level was significantly lower in the 
serum-free groups (with or without EBN) compared to 
serum-containing groups (p < 0.05) (Figure 3A). For alde- 
hyde dehydrogenase (ALDH), both cells cultured with 
0.05% EBN with or without the addition of serum (FDS 
+EBN and FD+EBN) showed a higher expression level 
compared to cells cultured in serum-free medium (FD) 
and serum-containing medium (FDS) alone (Figure 3B) 
with the significant difference observed in the serum-free 
groups only (p = 0.01). The expression level of lumican 



was found to be significantly higher in the EBN-supple- 
mented media in both groups (FD+EBN and FDS+EBN) 
compared to FD and FDS (p < 0.05) [Figure 3C]. 

Gel electrophoresis demonstrated similar intensity of 
the specific corneal keratocytes associated markers' 
expressions in FD and FDS with or without EBN. Again, 
the gene markers used in this study were collagen type 1, 
aldehyde dehydrogenase (ALDH) and lumican (Figure 4). 
These indicate the stability of keratocytes phenotype cul- 
tured in media supplemented with EBN. 

Discussion 

The cornea is exposed to injuries by various ways which 
includes mechanical insults, infections or following 
refractive surgical techniques like laser in situ keratomi- 
leusis (LASIK) or photorefractive keratectomy. Ideally, 
when injuries occur to the cornea, the cell layers should 
regenerate perfectly with the new layers formed resemble 
the original layers before injury. Unfortunately, most cor- 
neal injuries healed by tissue repair were not histologi- 
cally and physiologically identical with the uninjured 
corneal tissue. This results in scar tissue formation and 
opacity of the cornea thus compromising its optical func- 
tion [2]. Many researchers have proposed different ideas 
to overcome this problem, for e.g. amniotic membrane 
application [25-27] or addition of certain growth factors 
[e.g. epidermal growth factor (EGF), fibroblast growth 
factors (FGF), transforming growth factors alpha (TGF- 
a)] [28-31]. However, controlled randomized long-term 
trials involving large number of patients are still needed 
to substantiate their clinical importance in promoting 
effective corneal wound healing [28,31]. 

The major ingredients of EBN are glycoproteins whereas 
the major component of carbohydrate in EBN is sialic acid 
by 9% [32]. Other carbohydrate components include N- 
acetylgalactosamine (galNac) (7.2%), N-acetylglucosamine 
(glcNac) (5.3%), galactose (16.9%) and fucose (0.7%) [33]. 
Amino acids and mineral salts are also found in the EBN, 
mainly sodium and calcium, with low levels of magnesium, 
zinc, manganese and iron [34]. Kathan & Weeks in 1969 
have found three nonessential amino acids (aspartic acid, 
glutamic acid and proline) and two essential amino acids 
(threonine and valine) in EBN. They play an important 
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Figure 1 Viability of corneal keratocytes cultured in serum-containing medium (FDS, 1A), serum-free medium (FD, 1B) supplemented 
with EBN ranging from 0.05% to 100% and comparison on cell viability between the two groups (1C). Significant differences were noted 
at 0.05%, 0.1%, 75% and 100% in FDS (marl<ed witli *). No significant difference was found in l<eratocytes cultured in FD. Cells cultured in FDS 
showed significantly higher viability compared to groups in FD. # denotes significant difference (p < 0.05) between groups. Values were tested 
using Student t-test and expressed as mean ± SEM, n = 6. 
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Figure 2 Phase contrast micrographs under magnification 50 x showing the morphology of corneal keratocytes cultured in different 
media; A) Serum-containing medium, FDS, B) FDS plus 0.05% EBN, C) Serum-free medium, FD, D) FD plus 0.05% EBN; at Day ^, 
passage 1. Supplementation of 0.05% EBN was able to promote higher density of cells. 



role in facilitating normal body function such as repairing 
and providing immunity [35]. 

We showed that cultured rabbit corneal keratocytes in 
FDS reached their highest level of cell proliferation with 
0.05% and 0.1% EBN (Figure lA), while those cultured in 
FD had similar findings with 0.05% EBN alone (Figure IB). 
These results were in conformity with the earlier findings 
of epidermal growth factor (EGF)-like activity using aqu- 
eous extract of EBN in stimulating the DNA synthesis of 
3T3 fibroblast in vitro [16]. EGF is a 6 kDa polypeptide 
hormone produced by the salivary and Brunner's glands in 
the gastrointestinal tract [18] and is also found in human 
platelets and macrophages [36]. It plays an important role 
in the normal cellular processes (i.e proliferation, differen- 
tiation and development) [18] as well as during inflamma- 
tion, wound healing and tissue regeneration [37]. Pancholi 
et al. (1998) has found out that EGF was able to stimulate 
cell proliferation of cultured keratocytes in a dose-depen- 
dent manner [38]. In general, growth factors are effective 
at very low concentrations while exerting their effects 



locally [37]. This is in accordance with our findings which 
showed the highest proliferative activity in keratocytes' 
culture media supplemented with 0.05% EBN. Concur- 
rently, there was a 70% increase in corneal keratocytes cul- 
tured in FDS containing 0.05% EBN compared to only 
32% increase of keratocytes cultured in FD containing the 
same amount of EBN (Figure 2). Culture medium is an 
important single factor in cell and tissue culture because it 
supplies all essential nutrients for cell metabolism, growth 
and proliferation [39,40]. It comprises of all types of solu- 
ble molecules - nutrients and salts, hormones and growth 
factors [41]. Much of these essential nutrients, hormones 
and growth factors are being supplied by the serum, which 
is commonly supplemented to the culture medium 
[42,43]. Hormonal factors in serum potentiate cell growth 
and proliferation while promoting differentiation [44,45] . 
The difference in keratocytes proliferation in different 
media was clearly shown in this study. Similar findings 
were observed in several hybridoma cell lines in which the 
specific growth rate and ceU productivity had decreased 
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Figure 3 Quantitative gene expressions of cultured rabbit corneal keratocytes. The expression values for (A) Collagen Type 1, (B) ALDH 
and (C) Lumican relative to the expression values of GAPDH as the internal control. Higher expression level was showed in serum-containing 
groups (FDS, FDS+EBN) compared to serum-free groups (FD, FD+EBN). * denotes significant difference (p < 0.05) in the same group. # denotes 
significant difference (p < 0.05) between groups. Values were tested using Student t-test and expressed as mean ± SEM, n = 6 
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Figure 4 Gel electrophoresis of cultured rabbit corneal keratocytes phenotypes with GAPDH gene as internal control. 



concomitantly with the reduction in serum concentration 
without medium supplement replacement [46-48]. 
Besides, EBN may have a synergistic effect in promoting 
cell proliferation when added into serum-containing 
medium. 



We also observed the corneal keratocytes displayed 
morphological features of 'activated' fibroblasts when 
cultured in serum-containing media added with 0.05% 
EBN. Similar morphological features were observed in 
keratocytes cultured in serum-free media because of the 
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effect of pasaging. It was important to ensure that EBN 
besides inducing proliferation of corneal cells was also 
capable to maintain their phenotypes and functionality 
by synthesizing and organizing stromal constituents cru- 
cial in maintaining corneal transparency. This was 
further confirmed by the higher functional gene expres- 
sion of collagen type 1, ALDH and lumican on cultured 
corneal keratocytes in 0.05% EBN supplemented med- 
ium (Figure 4). Collagen Type I is the major structural 
collagen of the cornea [49]. On the other hand, ALDH 
catalyzed the oxidation of a wide variety of endogenous 
and exogenous aldehydes to their corresponding acids, 
with some ALDH have been identified as corneal crys- 
tallins which contribute to the protective and refractive 
properties of the cornea [50]. The rabbit abundantly 
expresses ALDHs in its cornea [51]. Lumican is essential 
for normal cornea morphogenesis during embryonic 
development and maintenance of corneal topography in 
adults. Lumican may have additional biological func- 
tions, such as modulation of cell migration and epithe- 
lium-mesenchyme transition in wound healing and 
regulating collagen fibrillogenesis [51]. 

Conclusions 

Much of the work done in this study highlighted the 
potential use of EBN to treat corneal wound healing. It is 
indeed the first step in our aim for nutri-pharmaceutical 
formation of EBN-based eye drop prior to in vivo testing. 
The results successfully showed the EBN was safe to cor- 
nea and more importantly was able to produce cell prolif- 
erative activity of corneal keratocytes, optimally at 0.05% 
concentration. Further studies need to be done to eluci- 
date the specific component of EBN which causes the 
mitogenic effects to corneal keratocytes. At the same 
time, there is a continuous need for more scientific 
researches to confirm the various health claims asso- 
ciated with EBN. 
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